Abstract: Climate change is exerting significant impacts on global agricultural production. Climatic 10 variations adversely affect crop production and, thus tend to impose a key constraint of agricultural 11 production, primarily on how to continuously enhance the winter wheat yields worldwide. The high 12 uncertainties in predicting the effects of climate change on wheat production are most likely due to 13 rare understanding on the responses of wheat production to extreme climatic factors, e.g. high 14
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E-116°39′ E, 33°43′ N-34°52′ N, Shangqiu has a total area of 10704 km 2 . The soil in the research area 113 is moist, and the climate is a typical warm and semi-humid continental monsoon climate with an 114 average annual temperature within 13.9℃-14.3℃, an average annual precipitation of 623 mm, an 115 average annual sunshine duration of 2204.4-2427.6 hours, and an average frost-free period of 207-214 116 days. The test area is characterized by a warm and windy climate in the spring, warming and 117 concentrated rainfalls in the summer, cooling and long-term sunshine in the autumn, and cold, 118 low-snow conditions in the winter. 119
Methods and data Collection 120
In Shangqiu, winter wheat enters the flowering stage from late April to early May, while winter wheat 121 in the western and northern areas of Henan province enters this stage about a week later than winter 122 wheat in other areas (Cheng et al., 2011) . In the majority of Henan province, winter wheat enters the 123 grouting stage in the middle of May. Therefore, in this paper, daily meteorological data of every year 124 was selected from late May to early June (from May 21 to June 5) The effects of dry-hot winds on 125 winter wheat from the grouting stage to the maturation stage (the late growth stage) were 126 systematically analyzed. 127
Daily meteorological data recorded from 1963 to 2012 at eight agricultural meteorological 128 observatories in Shangqiu City, Minquan, and Suixian were selected, and 3 meteorological factors 129 (daily maximum temperature, relative humidity at 2:00 pm, and wind speed at 2:00 pm) were adopted 130 as the basis for analysis. Meanwhile, Mann-Kendall mutation tests were applied to the analysis of the 131 timing rules of the meteorological factors of dry-hot wind disasters (Zhou et al., 2000; Wei, 2007) . 132 -6 -Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2015 Discuss., doi:10.5194/nhess- -330, 2016 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. issued by the China Meteorological Bureau, and the methods for observations remained uniform. 140
Selection of dry-hot wind indexes 141
In this paper, dry-hot winds featuring high temperatures and low humidity were mainly analyzed. 142
Such dry-hot winds are the main type of wind that brings about damages to winter wheat in Shangqiu 143 at the late growth period and generally occur at relatively high frequencies in middle and late May and 144 early June (Zhao et al., 2012) . The concrete indexes for analysis are referred to in Disaster Grades of 
Results and analysis 148

Changes of the meteorological factors of dry-hot wind 149
The flowering and grouting stages of winter wheat from 1963 to 2012 in Shangqiu were quantitatively 150 analyzed by applying the methods of Mann-Kendall mutation tests. Three meteorological factors were 151 analyzed: daily maximum temperature, relative humidity at 2:00 pm, and wind speed at 2:00 pm at a 152 -7 -Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2015 Discuss., doi:10.5194/nhess- -330, 2016 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. Published: 27 January 2016 c Author(s) 2016. CC-BY 3.0 License. essentially below 0, showing that within the recent 5 decades, daily maximum temperature and wind 157 speed at 2:00 pm exhibited a significant declining trend. The ordinal sequence statistics of relative 158 humidity at 2:00 pm were mostly above 0 and exhibited an increasing trend in fluctuations, indicating 159 that within the recent 5 decades, relative humidity at 2:00 pm exhibited a significant increasing trend. 160
In this research, by analyzing ordinal sequence curves (UF curves) and inverse sequence curves (UB 161 curves), in combination with cumulative departure curves, the genuine mutation points of every factor 162 were analyzed and evaluated. It shown that the intersection point of the ordinal and inverse sequence 163 curves of the maximum temperature appear in 1972, after which the UF curve does not exceed the 164 critical value line (Figure 1a) . From 1972 to 1982, the cumulative departure curve (Figure 1b ) 165 corresponding to the ordinal and inverse sequence curves of the maximum temperature exhibit first an 166 increasing trend and then a decreasing trend. Therefore, around 1972, a mutation gradually increased 167 in appearance in the maximum temperature at the late growth stage of winter wheat. However, this 168 observation does not reach a level of significance (p>0.05). Sequence curves of relative humidity at 169 2:00 pm intersect in the years 1968, 1981, and 1984 , and the major parts of the UF and UB do not 170 exceed the critical value line (Figure 1c) . The minimum value of relative humidity at 2:00 pm occurs 171 on the cumulative departure curve in 1981 (Figure 1d ). After 1981, this value exhibits an increasing 172 trend. Therefore, around 1981, a significant (p<0.05) mutation gradually increases in appearance in 173 the value of relative humidity at 2:00 pm. No intersection point appears in the ordinal and inverse 174 -8 -Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2015 Discuss., doi:10.5194/nhess- -330, 2016 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. disasters occur with relatively stronger intensities, higher frequencies, and more severe damages. On 241 the contrary, during the period of moderate and cooling weather, dry-hot wind disasters occur less 242 frequently with weak intensities. 243
Days of dry-hot wind occurrence and winter wheat yield 244
The correlation between winter wheat yield per unit area and the number of days of dry-hot wind 245 occurrences in the past 20 years (from 1991 to 2012) is shown in Figure 4 . It shown that the number 246 of days of dry-hot wind occurrences exhibits a fluctuating trend of decline, whereas winter wheat 247 yield per unit area exhibits a trend of enhanced fluctuations, indicating that the greater the number of 248 days of dry-hot wind occurrences, the lower the winter wheat yield per unit area. Namely, these 249 variables were significantly negatively correlated (p<0.05). In Shangqiu, during the late growth period 250 of winter wheat, the trend of average maximum temperature change was different from that of average 251 temperature change, and no significant rise was observed (Figure 1b ). This pattern of temperature 252 change was relatively beneficial for winter wheat at the grouting stage. Relative humidity at 2:00 pm 253 exhibits an increasing trend, albeit slowly. Wind speed exhibits a trend of decline (Figure 1d and 1f) . 254 -13 -Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2015 Discuss., doi:10.5194/nhess- -330, 2016 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. 
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